Introduction

22
The preparation and processing of food is considered an important route for cross 23 contamination of pathogenic bacteria in food products [1] [2] [3] [4] .Within nature, as well as in food 
29
Biofilms are defined as matrix-enclosed bacterial populations that are attached to a surface, 30 an interface and/or to each other [5] . It not surprising that more than 99% of all the planets 31 bacteria live in a biofilm since microorganisms gain considerable advantages from being part 32 of a community [6] . Microorganisms are living organisms with a vast range of 33 physiologically and metabolically varied species that enables them to colonise, adapt and 34 utilise almost any situation they encounter. Thus, a biofilm may be a small or large-scale 35 entity and in the food processing environment these may be a few micrometres or several 36 millimetres in thickness [7] . In the food industry, large-scale biofilms or fouling may occur 37 on such items as heat exchangers or may form on enclosed surfaces when they are in contact 38 with a wet product; an example of this is in pipework. Closed or 'true' biofilms usually occur 39 under conditions of continuous or intermittent flow and are considered to have well 40 developed stacked structures with pore channels. Under static conditions, it has been shown 41 that biofilms with different architecture and functionalities occur [8, 9] .
42
Smaller scale biofilms or biofouling may also occur in the food industry on open surfaces.
43
Open surfaces are exposed, with food being handled or prepared on them and in these 44 situations flow is absent. On an open surface, organic soiling, which may also compromise 45 microorganisms along with the food material, is a major issue in the food processing 46 industries, causing a range of biofouling and microbiological problems [10] [11] [12] possibly increase the retention of organic soil (Figure 3 ). An example is Shewanella 84 putrefaciens, a spoilage bacterium of marine fish, some vacuum-packed meats and chicken 85 that was found to adhere readily to stainless steel disks. In this scenario, it was demonstrated 86 that bacterial adhesion was facilitated by the formation of an initial conditioning film of 87 tryptone soya broth [25] . While it might immediately be thought that biofouling might 88 automatically enhance cell retention and reduce surface hygiene [10, 12, 24] , the adherence of The adsorption of organic material onto a surface may therefore be considered to be of 93 particular importance in the subsequent development of biofilm architecture.
94
Biofilm architecture
95
In this article, biofilm architecture is defined as the complex design of the biofilm structure.
96
Once a surface has become conditioned with organic material, biofilm formation can take 97 place, the architecture of which, will be dependent on a number of environmental and 98 microbiological influences. In the majority of environments, biofilms are not usually found in processing facilities or in raw milk [32, 33] . When thirteen Gram negative species were isolated from two fresh produce processing facilities, the strong biofilm producing strains of 
